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Abstract 



PROBLEM TO BE SOLVED: To provide a fuel cell in which catalyst dose not suffer 
from toxicity caused by CO and has good battery performance, by placing a platinum 
ruthenium catalyst layer with low ruthenium contents on its side which contacts with a 
high molecular electrolyte film of its fuel electrode, and placing a platinum ruthenium 
catalyst layer with high ruthenium contents on its gas dispersion layer side. 
SOLUTION: By coating slurry which is produced by mixing platinum- ruthenium- 
alloy/carbon-carrier-catalyst having 80 wt.% of ruthenium, fluorine- based high 
molecular solution, and water on a surface of a gas dispersion layer 21 of a fuel electrode 
1 1 until amount of carried platinum after drying becomes about 0.3 mg/cm<2> , a 
platinum-ruthenium catalyst layer 22 containing more than 50% of ruthenium is 
produced. By coating slurry which contains platinum- ruthenium having 20% of 
ruthenium on the catalyst layer 22 and is adjusted as mentioned above, and forming 
platinum-ruthenium catalyst layer 23 having less than 50% of ruthenium, the fuel 
electrode 1 1 is produced completely. The platinum-ruthenium catalyst layer 23 of the fuel 
electrode 11 is contacted with one surface, of the high molecular electrolyte film 10. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** snows ^ worc i which can not be translated. 
3. In the drawings, any words are not translated. 

[Claim 1] The solid-state macromolecule type fuel cell characterized by coming to provide the fuel electrode which 

equipped the side in contact with a polyelectrolyte layer with the 1st platinum-ruthenium catalyst bed which 

contained Suemitsu's ruthenium 50% of the weight, and was equipped with the 2nd platinum-ruthenium catalyst bed 

which contained 50% of the weight or more of the ruthenium in the gaseous diffusion layer side. 

[Claim 2] The platinum-ruthenium which constitutes the above 1st and the 2nd platinum ************ catalyst bed 

is a solid-state macromolecule type fuel cell according to claim 1 characterized by being alloyed. 

[Claim 3] The fuel gas supplied to the aforementioned fuel electrode is a solid-state macromolecule type fuel cell 

according to claim 1 characterized by a carbon monoxide being by 250 - 1000 ppm ****. 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the solid-state macromolecule type fuel cell 
using the composite of inorganic [ which has the poly membrane which has hydrogen-ion conductivity, or hydrogen- 
ion conductivity ] or organic-material powder, and the polymeric materials as a binder as an electrolyte. 
[0002] 

[Description of the Prior Art] In recent years; the fuel cell attracts attention as efficient energy-conversion 
equipment. A fuel cell is divided roughly into low-temperature operation fuel cells, such as for example, an alkali 
type, a solid-state macromolecule type, and a phosphoric-acid type, and elevated-temperature operation fuel cells, 
such as a melting carbonate type and a solid-acid ghost type, by the modality of electrolyte to use. 
[0003] Among these, since high power density is obtained with compact structure, the solid-state macromolecule 
type fuel cell using the polyelectrolyte layer which has an ion conductive ceramics as an electrolyte attracts attention 
as power the object for space, the object for a detached island, the constant object for grounds, for vehicles, etc. 
[0004] By the fuel cell of a proton conduction type, with the fuel gas with the high hydrogen concentration supplied 
to the bottom of presence of a catalyst from a fuel-electrode side by the interface of an electrolyte and an electrode, 
and the oxygen or air supplied from an oxidizer pole side Fuel-electrode: H2 ->2H++2e - (1) Oxidizer 
pole: l/202+2H-H-2e->H2 O - (2) Power generation is performed by the electrochemical reaction formula 
expressed. As a catalyst, a platinum carbon support catalyst is usually used, in the above-mentioned reaction 
formula, an electron is moved to an oxidizer pole through an external circuit from a fuel electrode, a proton moves 
in the inside of ah electrolyte, is made into a resultant, and comes out, and generation water is built with an oxidizer 
pole side - 

[0005] As a propellant of such a solid-state macromolecule type fuel cell, although pure hydrogen may be used, in 

many cases, the abundant reforming gas of the hydrogen obtained by reforming the propellant of hydrocarbon 

systems, such as a propellant of alcoholic systems, such as methano 1 **, or methane, is used. 

[0006] For example, it is (3), when the case of a methanol reforming was taken for the example and a steam is added 

by 200 - 300 **. As shown in a formula, it becomes the reaction by which carbon dioxide gas and hydrogen are 

generated. - 

[0007] 

CH3 OH+H2 0->C02+3H2 - (3) Except [ this ], CH3 OH->C02+2H2 - (4) A reaction also happens. Moreover, it 
becomes what contained CO of 1 - 5 % as a by product as whole in addition to carbon dioxide gas or hydrogen. 
[0008] By the way, if the reforming gas containing CO of a by product is directly supplied to the fuel electrode of a 
cell, the phenomenon in which CO sticks to the platinum catalyst of a fuel electrode will happen, and the poisoning 
of the platinum catalyst will be carried out. If the poisoning of the catalyst is carried out by CO, the reaction of a fuel 
electrode will be checked and a cell performance will fall. Since operation temperature is as low as ordinary 
temperature -80 degree C, a solid-state macromolecule type fuel cell is several 10 ppm. The poisoning of a fuel- 
electrode catalyst happens by CO of a grade. CO [ according to the reference (R. A.Lemons, J.Power Sources, 25, 
251, 1990) ] threshold limit value at the time of 80 degree-C operation of a solid-state macromolecule type fuel cell 
is 10 ppm. It is reported. 



[0009] For this reason, the method which a shift converter, CO oxidization stripper, etc. are made to usually reduce 

CO concentration through the gas which came out of the reforming machine, and is supplied to the fuel electrode of 

a cell is taken. However, it is 10 ppm of an allowed value certainly about CO concentration. For decreasing below, 

the problem that it is difficult, and more than one need to cover a card row for this reason, it is necessary to install 

CO strippers, such as a selective oxidation, and a system configuration will become complicated and large-scale is 
****** 

[0010] Then, in order to avoid this problem, it can consider using the catalyst by which a poisoning is seldom- - 
carried out to CO, for example, a platinum-ruthenium catalyst, as a catalyst of a fuel electrode. A ruthenium oxidizes 
CO. for this reason, especially the ruthenium is able for the resistance over CO poisoning to be markedly alike, and 
for the platinum ************ catalyst to be excellent in it as compared with the platinum catalyst, and to stop the 
sag by the poisoning with 50% of the weight or more of a platinum-ruthenium catalyst (JP,7- 183081, A) 
[001 1] However, the activity of a ruthenium of hydro-acid- izing demanded as original electrode reaction compared 
with platinum is low. Although the catalyst with higher ruthenium concentration is excellent in CO-proof poisoning 
nature, since platinum concentration becomes low relatively in one side, only a cell voltage lower than the voltage at 
the time of the start up of the cell using the conventional platinum catalyst is obtained. Thus, since it was in the 
relation with which CO-proof poisoning nature and hydro- acid- ized activity disagree with a platinum 1 ruthenium 
catalyst, it was difficult to obtain these simultaneously. 
[0012] 

[Problem(s) to be Solved by the Invention] If it was in the conventional solid-state macromolecule type fuel cell 
using the platmum-mmemum catalyst containing many rutheniums which oxidize CO as a catalyst of a fuel 
electrode in order to attain the simplification of a propellant reforming system like ****, there was a problem from 
which only a low voltage is obtained from the cell voltage at the time of the start up of a cell which used the 
platinum catalyst for the fuel electrode. 

[0013] Then, for this invention, CO is 250-1000 ppm in fuel gas. Even if it contains, it can suppress that the 
poisoning of the catalyst of a fuel electrode is carried out by CO, and it aims at offering the solid-state 
macromolecule type fuel cell which can acquire a good cell-voltage property simultaneously. 
[0014] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it is characterized by the solid- 
state macromolecule type fuel cell concerning this invention coming to provide the fuel electrode which equipped 
the side in contact with a polyelectrolyte layer with the 1st platinum-ruthenium catalyst bed which contained 
Suemitsu's ruthenium 50% of the weight, and was equipped with the 2nd platinum-ruthenium catalyst bed which 
contained 50% of the weight or more of the ruthenium in the gaseous diffusion layer side. In addition, as for the 
platinum-ruthenium which constitutes the 1st and 2nd platinum ************ catalyst. beds, being alloyed is 
desirable. 

[0015] CO produces CO poisoning of a catalyst by the thing on platinum to do for reaction ******** chemisorption. 
In the case of a platinum-ruthenium catalyst, the interaction committed between a reaction site and CO by presence 
of a ruthenium as compared with a platinum catalyst is weak, and the adsorption power to the reaction site of CO is 
weak. It depends for the inclination on the concentration of a ruthenium. 

[0016] In the solid-state macromolecule type fuel cell concerning this invention, since the fuel gas supplied to a fuel 
electrode is locating the 2nd platinum-ruthenium catalyst bed with many ruthenium contents in the upstream side of 
. the direction of flow of gas on the path which shifts to the reaction interface with a polyelectrolyte layer, it can block 
that high-concentration CO shifts to a reaction site by this 2nd platinum-ruthenium catalyst bed. That is, the 2nd 
platinum-ruthenium catalyst bed with many ruthenium contents demonstrates the role from which the 1st platinum- 
ruthenium catalyst bed with few ruthenium contents located in a reaction interface is protected. Therefore, the 1st 
platinum-ruthenium catalyst bed with few ruthenium contents located in a reaction interface can maintain high 
hydro-acid-ized activity, without checking electrode reaction. For this function, CO concentration is 250-1000 ppm. 
It is set and demonstrated. 

[0017] In addition, the alloy gestalt of the platinum-ruthenium which constitutes the 1st and 2nd platinum-ruthenium 
catalyst beds is more desirable than the mixed gestalt. If it is made the alloy gestalt, since platinum and a ruthenium 
can be distributed uniformly, the oxidization location of CO and the oxidization location of hydrogen can be 
distributed uniformly, and a cell voltage can be raised as this result compared with the mixed gestalt. 
[0018] 

[Embodiments of the Invention] Hereafter, the operation gestalt of invention is explained, referring to a drawing. 
[0019] The unit cell 1 in the solid-state macromolecule type fuel cell concerning the 1 operation gestalt of this 
invention is shown in drawing 1 . ■ 
[0020] The fuel electrode 1 1 and the oxidizer pole 12 which have been arranged so that this unit cell 1 may pinch 



the polyelectrolyte layer 10 and this poly electrolyte layer 10 by mutual, The fuel-electrode side current collection 
field 13 made from the porous material field by which contact arrangement was carried out at the tooth back of a 
fuel electrode 1 1, Two or more fuel-supply slots 15 which are formed in the tooth back of the oxidizer pole 12 in the 
field in contact with the fuel electrode 1 1 of the oxidizer pole side current collection field 14 by which contact 
arrangement was carried out, and the fuel-electrode side current collection field 13, and carry out distribution supply 
of the fuel gas at a fuel electrode 11, Two or more oxidizer supply slots 16 which are formed in the field in contact 
with the oxidizer pole 12-of the oxidizer pole side current collection field 14, and carry out distribution supply of the 
oxidizer gas on the oxidizer pole 12 are included. 

[0021] In addition, among drawing 1 , 17 and 18 show the frame-like sealant which secures the insulation between 
the fuel-electrode side current collection field 13 and the oxidizer pole side current collection field 14 while they 
enclose the periphery of the membrane-electrode complex which consists of the polyelectrolyte layer 10, a fuel 
electrode 1 1, and an oxidizer pole 12 and prevent a leakage of fuel gas and oxidizer gas. 
[0022] The polyelectrolyte layer 10, the fuel electrode 1 1 , and the oxidizer pole 12 are formed in the shape of a 
sheet, and the thickness is formed in 1mm or less for the internal resistance reduction. Moreover, the opposite area 
of die polyelectrolyte layer 10, the fuel electrode 11, and the oxidizer pole 12 is determined by current density 
required for power generation. 

[0023] Here, what was formed through the following processes as a fuel electrode 1 1 is used. That is, the slurry of 
carbon powder and PTFE variance liquid was applied on the front face of the carbon porous material field, this was 
sintered in the atmospheric air, and gas ****** 21 was formed. The amount of platinum support after drying the 
slurry from which the ruthenium mixed and obtained 80% of the weight of platinum and a ruthenium alloy / carbon 
support catalyst, a fluorine system polymer solution, and water on one front face of this gaseous diffusion layer 21 is 
2 0.3mg/cm. The platinum-ruthenium catalyst bed (2nd platinum-ruthenium catalyst bed) 22 which applies and 
contains more rutheniums was formed until it became. Next, the amount of platinum support after drying the slurry 
from which the ruthenium mixed and obtained 20% of the weight of platinum and a ruthenium alloy / carbon 
support catalyst, a fluorine system polymer solution, and water on this platinum-ruthenium catalyst bed 22 is 2 
0.3mg/cm. It applied and the platinum-ruthenium catalyst bed 23 with few ruthenium contents (1st platinum- 
ruthenium catalyst bed) was formed until it became. Thus, electrode area 9cm2 The fuel electrode 1 1 was 
completed. 

[0024] On the other hand, what was formed through the following processes as an oxidizer pole 12 is used. That is, 
the slurry of carbon powder and PTFE variance liquid was applied on the front face of the carbon porous material 
field, this was sintered in the atmospheric air, and gas ****** 24 was formed. The slurry which mixed and obtained 
a platinum carbon support catalyst, a fluorine system polymer solution, and water is applied to one front face of this 
gaseous diffusion layer 24, it was dried, and the platinum-catalyst layer 25 was formed. Thus, electrode area 9cm2 
The oxidizer pole 12 was completed. 

[0025] Thus, so that the platinum-ruthenium catalyst bed 23 of the obtained fuel electrode .1 1 may contact one field 
of the polyelectrolyte layer 10 and the platinum-catalyst layer 25 of the oxidizer pole 12 may contact the field of 
another side of the polyelectrolyte layer 10 On both sides of the polyelectrolyte layer 10, a hotpress is carried out on 
a fuel electrode 1 1 and the oxidizer pole 12, and this membrane-electrode complex and the frame-like sealants 17 
and 18 are arranged between the fuel-electrode side current collection field 13 and the oxidizer pole side current 
collection field 14, and it binds tight in the orientation of a laminating, and is considering as the unit cell 1. 
[0026] Five kinds of unit cells of conditions with the others same only by on the other hand the catalyst beds of a 
fuel electrode differing as an example of reference, That is, the catalyst bed of a fuel electrode is (a). Only Pt 
catalyst bed is (b). Only a Pt-Ru (20 % of the weight) alloy-catalyst layer (c) Only a Pt-Ru (40 weight %) alloy- 
catalyst layer is (d). Only a Pt-Ru (60 weight %) alloy-catalyst layer is (e). Five kinds of unit cells of only a Pt-Ru 
(80 weight %) alloy-catalyst layer were assembled. 

[0027] Thus, about the acquired unit cell of a total of six kinds, the power generation examination was performed at 
the cell temperature of 80 degrees C. In addition, it is fuel gas supply **** 2kg/cm 2 It carried out, the bubbling was 
carried out by 120 **, and it passed into the fuel-supply slot 15. Moreover, an oxidizer supply pressure is also 2 
2kg/cm. It carried out and air was passed into the oxidizer supply slot 16 as an oxidizer. And current density 
0.4A/cm 2 of the time of supplying the refonning simulation gas which does not contain CO as fuel gas, and the 
time of supplying the reforming simulation gas containing 500 ppm of COs When the cell voltage which can be set 
was investigated, the result shown in drawing 2 was obtained. 

[0028] As shown in this drawing, the cell concerning this operation gestalt shows the almost same value as the 
voltage when supplying the reforming simulation gas by which the voltage when supplying the reforming simulation 
gas which does not contain CO does not contain CO of the cell only using Pt catalyst bed. Moreover, by the 
examination which supplied the reforming **** gas containing 500 ppm of COs, it is an example (a) of reference. - 



(e) By the cell which requires a voltage for this operation gestalt to having fallen remarkably by the cell, it became 
the fall of about 50mV. Moreover, in the case of the cell concerning this operation gestalt, CO concentration of sag 
300 ppm or less was at most about 10-30mV. 

[0029] On the other hand, when the relation between CO concentration and a cell voltage was investigated, the 
result shown in drawing 3 was obtained. With the cell concerning this operation gestalt, CO concentration is 1000 
ppm. Also by the case, it turns out that there is very little sag as about 18% to a voltage in case CO concentration is 

0 ppm. This locates the platinum-ruthenium catalyst bed 22 with many ruthenium contents in an upstream side on 
the path in which fuel gas shifts to the reaction interface with the polyelectrolyte layer 10. Since the platinum- 
ruthenium catalyst bed 23 with few ruthenium contents is located in a lower- stream-of-a-river, i.e., reaction 
interface, side High-concentration CO which is going to shift to the platinum-ruthenium catalyst bed 23 side is 
oxidized by the ruthenium of the platinum-ruthenium catalyst bed 22, and it depends on having prevented that CO 
with high concentration shifts to a reaction interface. 

[0030] In addition, since the platinum-ruthenium catalyst bed 22 prepared in an upstream side needs to achieve the 
duty which oxidizes CO, it requires that a ruthenium content should be 50 % of the weight or more, so that the 
explanation mentioned above may show. Moreover, since the platinum-ruthenium catalyst bed 23 prepared in a 
lower-stream-of-a-river side needs to achieve the duty which oxidizes hydrogen, it requires that a ruthenium content 
should be less than 50 % of the weight. 

[0031] Moreover, although the platinum-ruthenium alloy catalyst is used in the example mentioned above, it is not 
necessary to be necessarily an alloy catalyst. However, as for the resistance over CO poisoning, it is desirable to use 
a platinum-ruthenium alloy catalyst compared with a platinum-ruthenium mixed catalyst, since the alloy catalyst is 
larger. 

[0032] Moreover, the same effect can be acquired even if it uses the catalyst of a 3 yuan system which is added to 
platinum and a ruthenium and contains the noble metals of an except as a catalyst of a fuel electrode. Moreover, you 
may use the alloy catalyst other than a platinum catalyst for the catalyst of an oxidizer pole. Moreover, although 
there is also a method humidified from a fuel-electrode side in a solid-state macromolecule type fuel cell, even if it 
applies this invention to the thing of such a method, the depressor effect of a poisoning can be obtained, furthermore 
— a propellant — carrying out - an equivalent effect is acquired also in the fuel cell which supplies liquid fuel, such 
as rriethano 1 **, to a direct fuel electrode, and generates it in addition to reforming gas 
[0033] 

. [Effect of the Invention] As explained above, even when CO exceeding 250 ppm is contained in fuel gas according 
to this invention, it can suppress that the poisoning of the catalyst of a fuel electrode is carried out by CO, and a 
good cell- voltage property can be acquired simultaneously. 

[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section of a unit cell in the solid-state macromolecule type fuel cell concerning 
the 1 operation gestalt of this invention 

[Drawing 2] Drawing showing the property of this unit cell as compared with the cell of the example of reference 
f Drawing 3] Drawing showing the property of this unit cell as compared with the cell of the example of reference 
[Description of Notations] 

1 --Unit cell 

10 - Polyelectrolyte layer 

1 1 « Fuel electrode 

12 - Oxidizer pole 

13 — Fuel-electrode side current collection field 

14 — Oxidizer pole side current collection field. 

15 — Fuel-supply slot 

16 - Oxidizer supply slot 
17, .18 -- Frame-like sealant 

21, 24 — Gaseous diffusion layer 

22 ~ Platinum-ruthenium catalyst bed with many ruthenium contents 

23 - Platinum-ruthenium catalyst bed with few ruthenium contents 
25 - Platinum-catalyst layer 



